Therapeutic time window in the penumbra during permanent focal ischemia in rats: changes of free fatty acids and glycerophospholipids.
To better define a therapeutic time window for reducing the extent of damage in ischemic penumbra, the time courses of changes in the glycerophospholipid and free fatty acid (FFA) levels were determined in the rat cerebral cortex following induction of the permanent focal ischemia. Focal ischemia induced a biphasic increase in FFA levels in the cerebral cortex, which had been recognized as the ischemic penumbra during the early stages after permanent occlusion of the middle cerebral artery (MCA). The first increase in FFA levels, in which the polyunsaturated fatty acid (PUFA) contained a large number of arachidonic acid (C20:4) molecules, began at 30 min and reached a peak at 1 h, followed by transient return to each sham level 2-6 h after the onset of MCA occlusion. Thereafter, the delayed increase in FFA levels, showing more increases of docosahexaenoic acid (C22:6) molecules than the C20:4 in PUFA compositions, occurred at 24 h. In contrast, the levels of phosphatidylinositol 4-phosphate (PIP) and phosphatidylinositol 4,5-bisphosphate (PIP2) decreased rapidly at 30 min of ischemia and returned transiently to each sham level at 1-6 h. The levels of phosphatidylcholine (PC) and phosphatidylethanolamine (PE), including polyphosphoinositides (PIPs), began to decrease significantly during the late stages, i.e., 24 h after induction of ischemia. These results suggest that the time-dependent changes in FFA and PIPs levels during the early stages of ischemia (until 6 h after induction) might be an important determinant of the subsequent neuronal death in the ischemic penumbra and that the breakdown of glycerophospholipids in the later stages after the induction of focal ischemia was associated with the development of infarction in the cerebral cortex.